Rare co-existance of disease or pathology Background:
Background
The first description of thrombotic thrombocytopenic purpura (TTP) came out in 1924 as the Moschcowitz syndrome. It was defined as, "A pathologic alteration of the microvasculature with detachment or swelling of the endothelium, amorphous material in the sub-endothelial space and luminal platelet aggregation leading to compromise of the microcirculation" [1] . Today it is recognized as a rare disorder, with an annual incidence of around 6 per million. [2] TTP has multiple and diverse etiologies, manifestations, associated conditions, and risk factors. This disease has a characteristic pentad of symptoms: microangiopathic hemolytic anemia (MAHA), neurologic changes, fever, thrombocytopenia, and renal dysfunction. TTP has been found to be fatal in 90% of cases if not promptly treated with plasma exchange, with the survival rate being 81% to 96% in those who were urgently diagnosed and treated [3] . TTP can be congenital (deficiency of ADAMTS13) or acquired. To the best of our knowledge, there are only a few case reports published describing the rare phenomenon of TTP induced by pancreatitis [2, [4] [5] [6] [7] [8] [9] [10] . Swisher [9] reported that the expected incidence of coincidental occurrence of TTP and pancreatitis in the same year is 3.75 per 10 9 population. Clopidogrel-induced TTP occurs at a frequency of approximately 4 per million patients [1] . In this report, we present a TTP case associated with clopidogrel intake as well as acute pancreatitis, both of which are considered very rare causes of TTP.
Case Report
A 71-year-old man with a history of coronary artery disease (s/p coronary artery bypass graft and recent cardiac catheterization), hypertension, and abdominal aorta aneurysm presented to the Emergency Department (ED) with complaints of a headache, nausea, vomiting, and abdominal pain. On examination, the patient had mild tenderness in the abdomen, but the overall exam was unremarkable.
Laboratory findings showed 321 U/L amylase, 4077 U/L lipase, 2.3 mg/dl creatinine, 27 mg/dl urea, 14.2 gm/dl hemoglobin (HB), 42.8% hematocrit (HCT), 12 600/mm 3 white blood cell (WBC) count, and 178 000/mm 3 platelets (PLT) ( Table I ). An ultrasound of the abdomen showed abdominal aortic aneurysm with no significant increase in size. A computed tomography (CT) scan of the abdomen demonstrated pancreatitis with inflammation surrounding the head (Figure 1 ).
After admission, in the subsequent days, the patient's urea increased to 77 mg/dl and creatinine to 6.0 mg/dl. There was a decrease in HB to 7.1 gm/dl, HCT to 21.5%, and platelets to 45 000 mm 3 . Workup was initiated for hemolytic anemia, showing lactate dehydrogenase of 797 U/L, total bilirubin of 4.4 mg/dl, direct bilirubin of 2.3 mg/dl, and haptoglobin of less than 8, and a peripheral smear examined by a hematologist found a schistocyte count of 1-3 per low-power field. The fibrinogen and coagulation profiles were normal.
Based on the laboratory data, the patient was labeled as having TTP, with findings of hemolytic anemia, thrombocytopenia, and renal impairment. TTP was likely induced by pancreatitis with or without the added effect of clopidogrel. Clopidogrel was temporarily held for a few days but was then restarted due to the risk of stent re-thrombosis. The patient was then started on plasmapheresis in addition to intermittent hemodialysis. Subsequently, after multiple sessions of plasmapheresis, the patient's PLT, urea, creatinine, and HB started to improve (Table 1) . Clopidogrel was switched to Effient (prasugrel) at time of discharge.
Discussion
Thrombotic thrombocytopenic purpura (TTP) is a well-known and life-threatening disorder [11] . The etiologies of TTP include both congenital and acquired causes. The congenital cause of TTP is the deficiency or dysfunction of ADAMTS13 (a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13), which leads to accumulation of ultra-large von Willebrand factor (VWF) molecules, subsequently causing VWF/platelet-rich microvascular thrombosis [10] . Most acquired causes are idiopathic, but some acquired causes may be secondary, including infections (e.g., hepatitis C, pneumonia, HIV, and sepsis), medications (e.g., mitomycin C), medical procedures (e.g., hematopoietic stem cell transplantation), and various underlying chronic diseases (e.g., malignancies, cirrhosis, connective tissue disorders, ulcerative colitis, diabetes mellitus, and hyperthyroidism).
The clinical presentations of TTP secondary to acquired etiologies can be highly variable [12] . Acute pancreatitis has been frequently listed as a consequence of TTP, but TTP recognized as a consequence of acute pancreatitis is very rare. Upon review of the literature, we found reports [2, [4] [5] [6] [7] [8] [9] [10] suggesting that the underlying mechanism is the release of inflammatory cytokines as part of systemic inflammatory response incited by acute pancreatitis. It has been observed in vitro that inflammatory cytokines stimulate the endothelial cell release of ultra-large vWF multimers and inhibit their cleavage by ADAMTS13 [8, 9] . Mayer et al. [13] found that cytokines peak at approximately day 3, but the timeline correlates with the temporal relationship between onset of pancreatitis and TTP, and is reported in the literature to be a median of 3 days [9] .
Drugs are associated with <15% of all cases of TTP [14] , with the pathogenesis most likely being immunologic [11] . The number of percutaneous coronary interventions (PCI) done is increasing globally. Generally, patients are placed on dual antiplatelet therapy after PCI, including aspirin and mostly clopidogrel. TTP caused by clopidogrel is a rare occurrence; therefore, clinicians should be vigilant of this rare, yet possible, adverse effect of clopidogrel. The time of occurrence of TTP is mostly within the first 2 weeks of initiation of clopidogrel, with a mortality rate of around 10-20% [15, 16] . Prompt treatment is imperative to avoid a fatal outcome [11] . Consideration should be given to changing the antiplatelet therapy (required after PCI) to the newer P2Y12 antagonist, especially in patients who have previously experienced clopidogrel-induced TTP [17] .
Conclusions
Our case report highlights the short interval between the diagnosis of acute pancreatitis and the subsequent manifestations of TTP. Therefore, a high index of clinical suspicion is required to make an early diagnosis and allow early initiation of plasma exchange therapy, leading to a favorable outcome. It also highlights the importance of being aware of medications associated with TTP.
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